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INTRODUCTION 
The presence of vast ~ S C N C S  of natural gas available in di f€mt  pans of the world has 

motivated continuous research efforts in new routes for the utilization of this raw material [l- 
81. Spcifically. the direct use of methane as a source of hydrogen for coal and crude oil 
upgrading has received the attention of several research p u p s  during the last few ycars [5-8]. 

Sundaraa and coworkers [5] employed natural gas (methane) as hydrogen source for coal 
liquefaction and found a 73% conversion of a Illinois #6 coal at 425OC and 1000 psi using 
tewlin as a donor solvent. When employing nitrogen instcad of methane, lower conversion 
was found (67%) indicating that. most probably, methanc was involved ia h e  IiqucfaCtiOa 
process 

Egiebor and Gray reponed [q -70% conversion to liquid pmducts for the liquefaction of 
Highvale coal using methanc armDsphere in the presence or not of a d y s t  eq with 
tewlia as a donor solvent at 4 W C  and a pnssure of 27&350 psi. The chammimion of the 
hydmmbon products by IH-NMR showed similar spectra for the hydrogen and methane 
reactions. and by GC and GC-MS analysis of the donor solvent. methyl and dimthy1 
substimted products were detected. 

(Hamata. API 8.69 using mthanc as a source of hydrogen under thamal conditions. in the 
presence of water as additive. The reaction of Hamaca crude oil (warn content 4.4%) with 
mtham at 3 8 W  and 1600 psi for4  h, led to a dcmasc in two orders of magnitude in the 
viscosity of the upgraded product (from 500.000 to 1990 CP at 3 m .  a parentage of 
conversion of the WC+ M o n  of 60% and 11.3% of HDS. with respcct to the original 
crude. compar#l to the Cl+mntaining expaimcnt. a naction carried out under nitrogen as 
an inat gas (conml expaiwnt) led to a product with higher viscosity (2600 cP), Iowa  
conversion of the heavy M o n  (54%) and lower HDS (8.3%). Thee results indicated [7] that 
methane was involved in the upgrading reactions and, most probably. was behaving as a source 
of hydrogen for the thamal processes 

According to the IH- and WNMR data [7] , the most probable pathway is a radical chain 
mec- which involves inanpmion of mthanc to the hydrocarbon molecUlcJ via the 
production of mahyl radicals. The pmposcd mchanism is as follows: 

WCS and coworken studied [7-81 the Upgrading Of O d e B e l t  urtraheavy crude oil 

.- 
R-R' -+ R' + R* 

R*+HzO 4 R H + O H $  (2) 

R*+W -+ RH+CH3' (3) 
OH* + W -+ H2O + CH3' (4) 

CH3' + R-R' -+ RCH3 (RCH3) + R'(R*) (5) 

R' + CH3' + RCH3 

CHf + a i 3 0  + CH3cH3 
R' + R* -+ R - R  

Where R and R am hydrocarbons. 
Rcacb'ons carried out using a dehydrated crude oil (less lhan 1% of H20) under mthane 

and nimgcn ampsphau gave approximately similar mults (2400 cP. 45% of CQIVQsion and 
8% of HDS), indicating that the prcscncc of warn is necessary in d e r  to achieve methane 
incorporatioa into the upgraded produce. The beneficial effcca of water in the w+maiaing 

4) with the concomitant production of methyl radicals to condnue tk chain proass [q. 

(a) 

0 
(8) 

upgrading rtactioas of binrmcns can be rationalized by the leaaioo of ow with mnhanc (eq. 
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this papa the upgrading of exnahcavy crude oil (Hamata. API 8.6'9 was demonstrated m 
a continuous flow system using natural gas as a source of hydrogen in the presence of water as 
additive. The &ects of the naaual gas pressure (1600,800 and 200 psi), residence timc (30 
and 45 min) and percentage of water (10 and 20% w/w) were studied using a 0.11 barreWday 
hydrovisbreaking unit d e d  to use nand  gas. From now on, we refer to this profess as 
Methanetreatment for comparative reasons. 

Due to the vast r e m e s  of Orinoca Belt extraheavy crude oil and the diffculties in its 
uansportation we evaluate the feasibility of using Methanetreatment for this purpose due to 
availability of nafural gas and low cost energy in the vicinities of the production web. For 
these muons, a conceptual engincuing design and an economic evaluation were conducted for 
a 100 MBPD module. Fmally. comparisons with conventional technologies were c a n i d  OUL 

EXPERIMENTAL 
The urwbeavy crude oil employed in this work came 6um the Hamaca oil field in the 

Orinoco Belt and its analysis can be found in Table 1. The percentages of volatile material were 
determined by the method reported by Ceballo and coworkers [9] using a Hewlet-Packard gas- 
chromatograph, model 5880. The pcmntage of conversion of the residue >5OOOC was defined 
as: 

('KO of residue XWC+ in crude oil) - (46 of residue 5009c+ in upgraded product) 
x 100 __-______-_-----________________________--------------------------- 

('KO of residue XWC+ in crude oil) 

The Viscosities of the crude oils wae measured in a Brookfield apparatus. model RVTDV- 
II. The water concenaations were determined by the Karl F h  method according with the 
ASTM standard test D-1744-83. The composition of the natural gas can be found in Table 1. 
The Coluadson carbon contents werc measured by the ASTM standard test D-189. 

The upgmding reactions were carried out in a 0.11 bamlslday hyhvisbrraldng unit 
modified to use natural gas. The plant consists of three d o n s :  preheating. reaction and 
separation zone. In the preheating section. the hydrocarbons. water and nahlral gas were mixed 
and heated near the reaction tempemure ( 3 2 W  at the d o n  pressure (1600.800 or 200 
psi). The d o n  zone included a coil and a soaker reactors C O M C C ~ ~  in series with a volume 
of 0.285 and 4.7 litas. respectively. Both reactors were kept at the  sa^ temperam (390 and 
4 1 m  duting each e- 

'Ibe products of the upgrading reactions were Wed by separating the gases from the 
liquid using a m  unit at 150T.  The umacted natural gas wasrapmprcssed and -led 
with a ratio of= to 1 with respect to the purge gas. The 4uids were stripped with nitrogen at 
1WC and top ploducts w a t  condensed. From the last stream, wata and light hydrocarbons 
were separated d the Lam compounds were mixal with the bottoms of the stripped unit to 
obtain the rcconstitUted aude oil Mass balances were taken every 10-12 hours without 
formation of coke in the soaka reactor. 

The conceplud engineering designs for Visbrealdng, Methaneacatmnt and 
H y h v i s b m b g  processes as well as for mole conventional mnhods for h9 oil 
WnSpOrtation such as Heating and Dilution, were carried out. Technical bases for all 
altmacives were the same (Crude properties. flowme. pipelenghk etc.). Invesrment costs 

datahe and rccent vendor quotations. Operating costs w a e  eaimatd from INTEvEp's 
recent experiences in similarprojects and from fecdback from our Operating affiliates. 

(orda ofmagninde, 25% contingency and grass mot) were e.5timataJ using m w s  own 

RESULTS AND DISCUSSION 

"be reactiOa ofextraheavy Qude oil (MI = 8.69 with l600psiof natural gar at41OT with 
a concenwtioa of wata  of 10% w/w and a residence tim of 30 ain (Table 2 exp. I), led to 
an haease h the API gtavity h 8.e to 12* in the upgraded product, a decnare in two 
ordcfsof~tudcintheviscosity(from500.ooOto 1700cPat?@C)andamvasioaof 
the e residue of358. with respect to the origihal crude. Duringa lodays run, mas 
balanc*, WQC taken may 12 hours without formation of coke in the soaker reactor after the 
experiment 
Similar d u e  of viscoSity (1990 cP) was obtained [7] using a 300 ml-batch WIIX undcr 

1600 @ of mcrbanc at 3 8 K  for 4 h. Higher percentage of c011vcrsioa (60%) waq found for 
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the later rn lhaa that in continuous flow experiment and can be attributed to the longer 
residencetime. 

An w i n  the ~ n c c t i m e  to 45 toin (Table 1. exp. 2) did not further elevate the API 
gravity of the upgraded nconstitucad crude oil . However. the viscosity of the pToduct 
decreased (1 100 cP) and the percentage of conversion of the residue i n d  (49%) due to 
the longer residence time. On the other hand, the amount of Conradson carbon in the 
reconstituted crude oil increased from 16.5 to 18% as the residence tLm was raised fmm 30 to 
45 min. These results indicate that coke was been produced during the crude oil upgrading and 
is Consistent with other thenually upgrading p e s s e s  as for example ViSbrcaLing and 
Hydmvisbmking (14111. 

An expaiment (Table 1, exp. 3) carried out with 20 % whv water concentration led to an 
upgraded product with slightly better properties (1590 cP,. 36% conversion of the 
nsidue and 16.2% of Conradson carbon) in comparison with those obtaimd with 10% wam 
content (exp. 1). The effect of water as additive for vkbmhng type of d o n  is very well 
known in the literature [ 121. Its beneficial Proparies an amibuted to the reduction of coke 
formation and to its hydrogen donor capabilities p.121. 

The effect of the pressure of n a n d  gas on the viscosity of the upgraded reconstituted 
crude oilscan be seen in Fig. 1. The reactions w m  carried out at 39oec with 30 tnin residence 
timc and the results are the average of 10 h mass balaac*r for up to 30 h. In general. it can be 
seen that theviscosilyof the upgraded product in the tempmtmrange 3Gm dccnasod as 
theoaturalgaspresSUrc i n d  These R S u l t s i n d i c a t e t h c i n V ~ O f  natural gas during 
the mdc oil upgrading reaction. Possible explanations can be atuibuwd to the need of high 
pressure in order to carry out the methane activation reactions as shown in cq. 3 and 4. 

From these nsults, it can be concluded that the process of upgrading exuahcavy crude oil 
using natural gas as a source of hydmgen looks as a technically feasible option for the 
industriabation of these abundant raw materials. 

In order to assess the Methanenearment process as an up-g technology to be used 
with wnsponaa ‘on purposes. an economic evaluation was conducted. Comparisons with 
similarprocesscs as VisbreaLing and HydrovisbnaLing were madc as well as with conventional 
technologies as Heating and Dilution. The basis for the ecowmic evaluations wae as follows: 

100.ooO bamls pa day plant located at the orinof0 Oil Belt equipped with a 300 Km 
oil pipe line from the Orinoco reservoir to the Caribbean Sea 

me opaation costs (for the k t  uimester 1993 Veneplelan based) included: labor, 
main- in¶uana and utilities 
An evdpation puiod of 17 years and an intara rate of 10% wae considacd 

In-ls and Opaating cost were estimated on 1993 tmsii 
A crrdit was added U) the technologies with crude oil upgrading (Viibreaking, 

Methancaeatmnt and Hydrovisbreaking). 
Cash tlows for the evaluation period wcrc obtained considaing the invcsnncnts and 

annual balanc*l bawcen operating costs and credits for crude oil upgrading when 
applicable. Net present value analysis was performed m arder to compare the diffnent 
altcnlatives. 

The mults of the study arc shown in Table 3. It can be seen that the conventional aspon 
ethnologies (Heating and Dilution) present the lowest invcsmmts (145 and 143 MMUSS. 
Itspcctively) and opetation costs (1 1 and 10 MMUSf) that those dcdatcd for Visbrrakin& 
Methanemat and Hydmvisbmbg upgrading praxssrr lhereforr thc pnsmt net cost 
for the first two technologies (216 and 212 MMUSS) are Iowa than those f o u d  for the lam 
three ( 2 4  25s and 330 MMUSS). 

Oa the otha hand the VisbrraLing tcchnoiogy offcn the lowest hvcs?mcnI, opaation cost 
and p n m t  net cost among the crude oil up@g processg However. the present net cost 
for the Methane-nt is relatively close (255 MMUSS) to that calculapd for the 
ViSbreaLing (246 MMUSO). due to the higher credits (hi- amvasias and lower viscositia 
of the products) of the forma in cornpariwn with the Later. 

In conclusion, conventional wnsport technologies of Heating and Dilution have economical 
advantages over Visbrcalring, Methanemmmt and HydmisbrraLing upgrading processes 
used for wnsponation pupoxs. &twcen the l a m  thne technologis visbtmking is d y  
slightly Wac economically amactive than the m*mproc*u 
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Table 1. Analysis of theHamacaaude Oil andComposicm of the NanwlGas 
used for the upgrading Reactions 

Asphaltenes (% wlw) 12.5 

sulfur (%w/w) 3.71 
Nitrogen (ppm) 7500 

Nickel (ppm) 102 
vanadium (ppm) 450 
% of residue S O O W  57% 
Viscosity at u)pc (cP) 500,OOO 

carboadioxide 11.2 
Ethane 8.8 
Ropane 3.65 
Butanes 0.77 
&ntancs+ 0.12 
Nitrogen 0.02 
Hydrogen 0.04 

Table 2. Effects of the Residence Tune and the Percentage of Warn on the pr0pCnic.s of the 
Upgraded Reconstituted crude Oilsa 

~ ~ ~~~ 

Enp. Residence %H20 O A P I  ViscogitY %Conv. Comatison 
tim(min)b (w/w)c at3OT(cPP Rcsiduec carbon 

(* 1%) (% WIW) 

oude 8.6 m.Oo0 13.4 
1 30 10 12.0 1700 35 16.5 
2 45 10 12.0 1100 49 18.0 
3 30 20 11.8 1590 36 16.2 

m e  reactions w m  canid out in 0.1 1 bamVday conMwus flow plant at 41oOC. 1600 psi of aatural 
gas of final prrssrm. ll~e rcsultsan the average of 12 h mass balaoces for up to 36 h. 
b Residence time in minutes for the coil and soaker mctors. c Pacent of warn by weight in the 

Pacentage of volatile mataid in the m d e  oil 54% whv. 
feedstock. dvalues f 100 CP. ~Paceotage of aMvQsion m is defimd in the experimental Suxlon. 

Table 3. Invesrmcnts and Net &sent Value (in million of US$) for the Technologies 
Used in the Transportatton of Extraheavy crude 0i.P 

cam Visbreakingb Mcthanetreaunentb Hyd~~isbrraLin~ Healing Diluent 
Total ~n-sites 180 244 348 
Total &-si- 127 172 247 
oilpipcline 88 86 87 145 143 
sy- 
Total Investment 
(In 3 YCaTs) 395 502 582 14F 143C 
Annualopaadon 
costs (21) (23) (40) (11) (10) 
-uP*g 
M O  46 64 97 
NetRescntValue (246) (255) (330) (216) (212) 

the bgsi of the study see text Calculus bascd on 1993 USS over a 17 yean life of ttw plant. 
bA topping step was added p i o u s  to the upgrading KCXUX. 
'Total Investment in a two yean paioa 
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v i i i b  

25 30 35 40 45 50 55 60 65 

Temp. Crude Oil (‘c) 

Ag. 1. Eff- of the Ressure of Natural Gas on the V i t y  of the Upgraded Reconstituted Cmde Oils 
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